



























































































































































































（System In Frontier，Japan），Composer（System 






















SHIELD Mounting Medium（Vector，USA）で 封
入し，共焦点レーザー顕微鏡（Nikon A1R-MP，

































































プス後肥厚（postsynaptic density, PSD）である（矢頭）．Abbreviation: DNR; dorsal raphe nucleus（背側
縫線核）,  MRN; medial raphe nucleus（正中縫線核）, bar: a; 2 mm, b; 50 μm, c; 200 nm
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図３
セロトニンニューロン（a ～ a３），嗅神経（b ～ b３），僧帽／房飾細胞（c ～ c３）のシナプスの電子顕微鏡画像と
電子線トモグラフィーによる再構成画像．（a, b, c）各ニューロンの電子顕微鏡画像．厚い PSD を持ち，シナ
プス間隙の広い非対称性シナプスを形成している．（a１, a２, b１, b２, c１, c２）それぞれ ±８°傾斜をつけたステ




PSD 22.6±8.1 32.0±2.1 31.8±2.6
シナプス間隙 21.6±3.6 23.8±2.4 27.2±1.3
シナプスの直径 198.6±26.5 273.2±45.6 165±20.4
シナプス小胞の直径 32.2±5.9 32.6±5.7 34.8±6.1





















シナプスの直径の定量解析（各 n = 5）．PSD において，5-HT の分散が他のニューロンより有意差を持って大き
い（a， ＊＊；F 検定，p ＜ 0.05）．シナプス間隙において，5-HT の平均が有意差を持って MC より小さい（b，＊； t




飾細胞の各ペア間で両側 F 検定と，Welch 検定




れぞれ F = 14.5, p = 0.024; F = 9.7, p = 0.049），
平均に有意差はなかった（それぞれ p = 0.058; p 
= 0.061）（図４ａ）．シナプス間隙に関しては，
どちらのペア間にも分散に統計学的な有意差は
なかった（それぞれ F = 2.2, p = 0.45; F = 7.5, p = 
0.076）．平均では前者では有意差はなかったが
（p = 0.29），後者では有意差があった（p = 0.02）
（図４ｂ）．シナプス小胞の直径に関しては，両
ペアの間で分散には統計学的な有意差はなく
（それぞれ F = 1.1, p = 0.88; F = 1.1, p = 0.86），
平均でも有意差はなかった（それぞれ p = 0.8; p 
= 0.08）（図４ｃ）．シナプスの直径に関しては，
どちらのペアにおいても分散に統計学的な有意
差はなかったが（それぞれ F = 2.9, p = 0.32; F = 
1.7, p= 0.62），平均では前者に有意差があり（p 



















シナプス小胞の形状 多くが球形 球形 球形
シナプス小胞の大きさ 中等度 中等度 中等度
シナプスの直径 小さい 大きい 小さい
PSD 様々な厚さ 厚い 厚い





（c）merge 画像．セロトニンと VGLUT3が共発現している varicosity（矢印）と




















































































もある．ON はシナプスの直径が大きく，PSD が厚く，球形のシナプス小胞を持つ．MC はシナプスの直


















スポーター2（vesicular monoamine transporter 2, 
VMAT2）が免疫陽性であり29），セロトニンが神
経伝達物質として用いられると考えられる．
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Ultrastructural analysis of serotonergic synapses in the
mouse olfactory bulb
Yoshinori SUZUKI, Emi KIYOKAGE, *Kazunori TOIDA
Department of anatomy, Kawasaki Medical School,
577 Matsushima, Kurashiki, 701-0192, Japan
ABSTRACT  Because of its simple and distinct layers organized by a few types of neurons 
and its diverse chemical neuroactive substances, the olfactory bulb （OB） is one of the most 
desirable regions in which to analyze neuronal organization of the brain. The OB is the primary 
region that processes odor information and consists of olfactory receptor neurons, projection 
neurons, interneurons and centrifugal neurons. It is well known that the OB is regulated not only 
by interneurons but also by centrifugal afferents from other brain regions. Serotonergic fibers 
derived from the raphe nucleus, one of the centrifugal afferents from other brain regions, the 
OB is highly innervated by serotonergic fibers. These terminals make asymmetrical synapses 
onto the target neurons in various synapse formations. However, how different these synapses 
are from typical asymmetrical and how these differences are related to serotonergic function 
remains to be clarified. The aim of the present study is to accurately assess the morphometry 
of the synaptic fine structure of serotonergic neurons as compared with olfactory receptor 
neurons and projection neurons such as mitral/tufted cells. The synapses were analyzed 
by pre-embedding immuo-electron microscopy and electron tomography which enables 
analysis of the synapses in more detail. Additionally, the neurotransmitters of serotonergic 
neurons were analyzed by immunofluorescence. It was shown that the most common shape 
of synaptic vesicles of serotonergic fibers was round; the synaptic vesicles of olfactory nerves 
and dendrites of projection neurons were only round. Synaptic clefts of serotonergic fibers 
were narrower than that of projection neurons. Postsynaptic density （PSD） of serotonergic 
synapses was very different from that of olfactory receptor neurons and projection neurons. 
The diameter of serotonergic synapses, the width of the PSD, was smaller than that of the 
olfactory receptor neurons. Immunofluorescent study revealed that serotonergic varicosities 
occasionally co-expressed vesicular glutamate transporter 3（VGLUT3）. This indicates that 
serotonergic neurons have at least two neurotransmitters, serotonin and glutamate. Dense-core 
vesicles were characterized as containing monoamines and neuropeptides. In contrast, olfactory 
receptor neurons and projection neurons, which have been well known to exhibit typical 
asymmetrical synapses, may have use only one transmitter. PSD is reported to be thickened by 
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stimulation of glutamate. Together with findings of previous studies, the present study suggests 
that serotonergic synapses might release multiple substances: serotonin, glutamate, and a 
neuropeptide. Due to these multiple substances, serotonergic neurons may various forms of 
synapses.
(Accepted on September 22, 2014)
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